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Objective: To assess the effectiveness of exercise-based
injury-prevention programs in preventing sports injuries in team
handball players.

Data Sources: Scopus, PubMed, Web of Science, SPORT-
Discus, and CINAHL from inception until April 2023.

Study Selection: Studies were included if they were random-
ized controlled trials or prospective cohort studies, contained a pop-
ulation of competitive team handball players, included an
intervention designed specifically to prevent or reduce the
risk of team handball injuries, and reported injury incidence rates
specific to team handball players. Two researchers indepen-
dently evaluated studies for inclusion and assessed their method-
ological quality.

Data Extraction: Study design, intervention details, participant
characteristics, and the number of injuries in each group were
extracted from each study by 2 independent researchers. The
outcome of interest was the incidence rate of injury. Injury data
were classified into 5 groups: shoulder injuries, lower extremity
injuries, knee injuries, anterior cruciate ligament injuries, and

ankle injuries. Extracted data were analyzed using a random-
effects model to compute the overall effect estimates of injury-
prevention programs in reducing the risk of injuries. Odds ratios
(ORs) with 95% Cls were calculated based on the number of
injuries in each group.

Data Synthesis: Meta-analyses were conducted indepen-
dently for each injury classification. Results indicated that preven-
tion programs reduced the risk of shoulder injuries (OR = 0.60;
95% CI = 042, 0.85; P = .004), lower extremity injuries (OR =
0.59; 95% CI = 0.37, 0.95; P = .03), knee injuries (OR = 0.53; 95%
Cl = 0.35, 0.78; P = .002), anterior cruciate ligament injuries (OR =
0.66; 95% Cl = 0.45, 0.96; P = .03), and ankle injuries (OR =
0.57; 95% Cl = 0.40, 0.81; P = .002) in team handball players.

Conclusions: In team handball players, injury-prevention
programs appear to effectively reduce the risk of shoulder, lower
extremity, knee, ankle, and anterior cruciate ligament injuries.

Key Words: shoulder injury, lower extremity injury, knee injury,
ankle injury, anterior cruciate ligament injury

19% to 60%) in team handball players.

strength of the recommendations.

Key Points

» Exercise-based injury-prevention programs show efficacy in reducing team handball injury risks, yet the scarcity and
quality limitations of existing studies suggest the need for higher-quality research to strengthen recommendations.
» Exercise-based injury-prevention programs can reduce the risk of injuries to the shoulder (from 15% to 58%), lower
extremity (from 2% to 63%), knee (from 22% to 65%), anterior cruciate ligament (from 3% to 55%), and ankle (from

 Given the relatively small number and quality of studies on this topic, higher-quality studies may help to improve the

played by nearly 20 million people around the world."

Handball is played by 2 teams of 7 field players in
two 30-minute periods. Teams include 5 substitute players
who can be substituted at any time during the game. Players
use their hands to pass a ball with the aim of throwing it
toward the opposing team’s goal, and the team that scores
the most goals is the winner. Researchers have shown that
playing team handball improves several physical and physi-
ological variables.? However, participation in handball is also
associated with a high risk of injury mainly because players

T eam handball is one of the most popular ball sports,

are exposed to high physical demands during training sessions
and games.'? Team handball is a high-intensity contact sport,
involving repeated acceleration and deceleration movements,
fast sidestep cutting and pivoting maneuvers, sudden jumping
and landing movements, and frequent throws."*® In addition,
professional players endure busy competition schedules
(between 70 and 100 international, national, and club com-
petitions) and intense training pressures to stay at a competi-
tive level, which probably contributes to the high prevalence
of injuries in team handball.*”* At the elite level, the
increase in the number of national or international matches
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and tournaments has resulted in a typical season lasting 9
to 10 months.’ During the season, elite players typically
play 2 matches per week compared with 1 match at lower
levels of play, and in different periods, elite players often
train twice each day.’

Compared with other team sports, team handball had the
third highest risk of injury in 2008 (after soccer and field
hockey), second highest in 2012 (after soccer), and fourth
highest in 2016 (after soccer, rugby, and water polo).®*!!
The overall incidence of injury in team handball has been
reported to be between 10 and 40 injuries per 1000 player
hours, with most injuries occurring during matches.'®'" The
most frequent injuries occur in the lower limbs (thigh, knee,
and ankle), the shoulder, and the upper limbs.*'* Nearly half
of all team handball injuries involve the knee and ankle,
with ankle injuries being the most frequently reported (8%
to 45%); although anterior cruciate ligament (ACL) injuries
occur less frequently (7% to 27%), they are more severe.>!'!3
Hand-joint injuries constitute around 9.9% of injuries, and those
to the shoulder joints amount to 9.3%.° Even though the inci-
dence of shoulder injuries is relatively low, they require the
third-longest interval of convalescence after trauma (after knee
and ankle injuries).” Injuries not only affect players’ health and
performance but also affect the sports team and athlete’s family
and, in the long term, may lead to early joint degeneration,
especially in the knee.'*'¢

Injury prevention should be a primary goal for handball
players of all ages and participation levels (eg, recreational,
semiprofessional, and professional) because injuries will
result in not only athletic performance deficits, an increased
risk of reinjury, and chronic sequelae but also loss of playing
time and a high financial burden for professional athletes’
employers and the health care system.'” However, it remains
unclear whether injury-prevention programs diminish the inci-
dence of injuries in handball players. Therefore, the aim of
our systematic review and meta-analysis was to assess the
effectiveness of exercise-based injury-prevention programs in
preventing sport injuries in team handball players. We hypoth-
esized that the literature would present inconsistent results on
the prevention of injuries in handball players, ultimately
resulting in no evidence that exercise-based injury-prevention
programs reduce lower extremity, ankle, and ACL injury risk
in this population.

METHODS
Study Design

This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement.'® This protocol was reg-
istered in PROSPERO in December 2021 (CRD42021295239).

Search Strategy

The literature search was independently conducted by 2
researchers (A.N. and F.S.). Relevant studies were identi-
fied through an internet-based search in 5 health-related,
biomedical, and psychological databases (Scopus, PubMed,
Web of Science, SPORTDiscus, and CINAHL). No filters or
limitations were imposed during any of the database searches.
The search was carried out from inception to April 2023. Rel-
evant search keywords were combined with Boolean opera-
tors (OR and AND) and applied to 3 search levels (Table 1).

Table 1. Levels and Terms of the Literature Search Process

Search

Level Search Terms With Boolean Operators

1 (handball[Title/Abstract])

2 AND (injury[Title/Abstract] OR Injuries[Title/Abstract] OR

tear[Title/Abstract] OR dislocate[Title/Abstract] OR
break[Title/Abstract] OR sprain[Title/Abstract] OR
twist[Title/Abstract] OR strain[Title/Abstract] OR
tearing[Title/Abstract])

3 AND (prevention[Title/Abstract] OR exercise[Title/Abstract] OR
training [Title/Abstract] OR conditioning[Title/Abstract] OR
preparation[Title/Abstract] OR warm-up[Title/Abstract] OR
intervention [Title/Abstract])

The bibliographic references of identified studies were searched
manually for additional relevant studies. All eligible studies
were entered into Google Scholar (Google) to identify all
articles that had cited them.

Retrieved articles from each database were imported into
EndNote X7 (Thomson Reuters) software for duplicate removal,
screening, and review. After accounting for duplication, we
judged the eligibility of returned articles by screened title and
abstract. When study selection was unclear after reading the
title or the abstract, we screened the full text of the article.
Studies were screened using the predetermined inclusion and
exclusion criteria by 2 independent reviewers (A.N. and F.S.).
When conflicts arose, these authors discussed the manuscript
to reach a consensus. If consensus was not achieved, a third
reviewer (M.K.) was consulted.

Eligibility Criteria

The inclusion criteria, according to the population, inter-
ventions, comparisons, outcomes, and study design model,
were as follows: (1) population: competitive handball players
of any age (eg, professional, collegiate, and scholastic intra-
mural)."® (2) Interventions: The intervention program was
designed specifically to prevent or reduce the risk of team
handball injury (overall or region-specific injury-prevention
programs). The exercise-based injury-prevention program
had to be multifaceted and include sport-specific skills, resis-
tance, balance, or plyometric exercises. Sport-specific exercises
mimic specific technical skills, such as landing and throwing
techniques, that apply directly to handball. Resistance exercises
were defined as activities that improve muscle strength using
resistance, such as body weight, free weights, elastic bands, or
strength machines. Balance exercises were defined as activities
that require maintaining the line of gravity at the base of sup-
port, such as single- or double-legged stance activities, that
were designed to improve proprioceptive awareness. Activities
were characterized as plyometric exercises if they used power-
ful movements, such as jumping or bounding. (3) Compari-
sons: At least 1 control group that did not receive any
intervention was included. (4) Outcomes: The incidence
rate of the injury or other outcome data such as injury counts
and athlete exposures that made it possible to calculate inci-
dence rate was reported. (5) Study design: A randomized con-
trolled trial or prospective cohort study design was used. In
addition, included studies were (6) full-text articles published
in English in peer-reviewed journals.

All types of multicomponent exercise interventions to pre-
vent team handball injuries were selected, but interventions
using protective devices (eg, braces and tapes) or including
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only 1 exercise component (eg, using Nordic eccentric exer-
cise to prevent hamstrings injuries) were excluded. Case stud-
ies, lectures, commentaries, editorials, review articles, and
articles that were not peer-reviewed or not written in English
were excluded.

Quality Assessment

The risk of bias for the randomized controlled trials and
prospective cohort studies was independently assessed by 2
reviewers (A.N. and F.S.) using the Physiotherapy Evidence
Database (PEDro) scale.’*?® The PEDro scale is a valid and
reliable measure of the methodological quality of randomized
controlled trials in systematic reviews.'”?° It is an 11-item
scale with each item scored as yes or no. The first item per-
tains to external validity and is not used to compute the over-
all quality score. The remaining 10 items (items 2—11) are
summed to obtain a final PEDro score out of 10; a higher
score reflects higher methodological quality. A PEDro score
of >6 indicates the study is of high quality; 4 to 5, moderate
quality; and <3, low quality.*®

Whereas it was initially developed to assess the quality
of randomized controlled trials in physiotherapy literature,
the PEDro scale has been used to evaluate a diverse range of
study designs.'**' However, using this scale to assess studies
that are not randomized controlled trials often results in lower
scores due to the absence of randomization, which is a spe-
cific criterion on this scale. Given the limitations of the PEDro
scale in evaluating observational studies, the Newcastle-
Ottawa Scale (NOS) was chosen to further analyze the
methodological strengths and weaknesses of the included
cohort studies.” The NOS is used to assess bias in prospective
studies using 3 criteria: participant selection (4 aspects), com-
parability (1 aspect), and outcomes (3 aspects). Each criterion
is scored from 0 to 1 or O to 2, totaling a maximum of 9
points. The quality of studies is categorized as low (0-3
points), moderate (4—6 points), or high (7-9 points). The
NOS stands as a comprehensive, validated tool used for
assessing the quality of studies that are not randomized
controlled trials in meta-analysis.”

Disagreements regarding PEDro scoring were resolved
by discussion between the reviewers. If consensus was not
achieved, a third reviewer (M.K.) was consulted. All studies
were scored and entered into an individual spreadsheet.

Data Extraction and Analysis

Two authors (A.N. and F.S.) independently extracted data
using a specifically designed standardized form and compared
the extracted data for consistency. Any discrepancies between
the 2 forms were resolved during a consensus meeting. The
study design, country, competitive level, study population
(sex, size, and age), size of control and intervention groups,
dropout rate, details of the intervention (type, duration, and
frequency), and number of injuries per group were extracted.
Injuries included all injuries (overuse and traumatic) sus-
tained during the study period in training and match play.
Data were classified into 5 groups based on the anatomic
location of the injury (shoulder injuries, lower extremity inju-
ries, knee injuries, ankle injuries, and ACL injuries). When
applicable, data from a single study were included in >1 group.
A lower extremity injury was defined as any injury (acute
or chronic and traumatic or nontraumatic) incurred during

Records identified from database
(n =938)

* Scopus (n = 377)

* PubMed (n = 209)

S - Web of Science (n = 183)
3 + SPORTDiscus (n = 103)
5 « CINAHL (n = 66)
S
=
Records duplicated
(n =552)
] Records screened
(n =386)
2
c
8 Records excluded
A (n = 354)
« Nontopic: n = 354
Full-text articles assessed
- for eligibility
(n=32) Full-text articles excluded
2 (n=23)
3 « Population (n = 10)
2 « Study type (n=7)
i « Does not involve intervention
(n=3)
T « Full text not available in English
(n=2)
Studies included in review + No control group (n = 1)
(n=9)
Figure 1. Preferred Reporting Items for Systematic Reviews and

Meta-Analyses flow diagram of the search and study selection
process.

competition or training directly related to handball and involved
1 of the lower parts of the body from the hip to the toes. If this
injury was limited to the knee, it was defined as a knee injury;
if it was limited to the ankle, it was defined as an ankle injury;
and if it involved the ACL, it was defined as an ACL injury.

Data Synthesis

Meta-analyses were undertaken with Comprehensive Meta-
Analysis (version 3.0; Biostat, Inc) using a random-effects
model to compute the overall effect estimates of injury-
prevention programs in reducing the risk of shoulder, lower
extremity, knee, ACL, and ankle injuries. Odds ratios (ORs)
with 95% Cls were calculated based on the number of injuries
in each group. Statistical heterogeneity was assessed using the
I? statistic to describe the proportion of the observed variabil-
ity in effect among studies that is due to true differences in
effect. An I? value of 0% indicates no heterogeneity; 30%
to 60%, moderate heterogeneity; and >75%, considerable
heterogeneity.***> Publication bias was assessed via visual
inspection of a standard funnel plot, Orwin fail-safe N, and
Egger regression test. The o level was set at .05.

RESULTS
Search Results

The initial database search using the Scopus, PubMed,
Web of Science, SPORTDiscus, and CINAHL databases
yielded 938 results. After removing duplicates, we screened
386 articles for relevancy. Screening by title and abstract
yielded 32 potentially eligible articles, and after a full-text
review, 23 were excluded. A total of 9 studies were included
in the final analysis. A flowchart of the selection process is
displayed in Figure 1.
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Table 2. Characteristics of the Exercise-Based Prevention Programs Attempting to Reduce Sport Injuries in Handball Players
Extended on Next Page

Study Country; Sex, No. Dropout
Study (Year) Design Competition Level (Age Range, y) Rate Intervention
Achenbach et al?® Prospective Germany; under 105 Male, 174 female Both groups, The multi-intervention training pro-
(2018) cohort 16 and 18 (13-18) ~31% gram included jump and landing,
proprioceptive, plyometric, and
strength exercises for the quadri-
ceps, hamstrings, and core
muscles.
Andersson et al*” Randomized Norway; 2 top 339 Male, 321 female Intervention, 3.8%; The prevention program consisted of
(2017) controlled trial divisions (21.6-23.5) control, 1.2% 5 exercises aimed at increasing
the glenohumeral internal rotation,
increasing external-rotation
strength, and improving scapula
control and kinetic chain and tho-
racic mobility.
Myklebust et al®* Prospective Norway; 1745 Female (21-22) Intervention, 2.6%; A 5-phase multi-intervention training
(2003), season 1 cohort Division I-lll control, 3.1% program: balance exercises and
planting or landing skills.
Myklebust et al®* Prospective Norway; 1746 Female (21-22) Intervention, 2.6%; A 5-phase multi-intervention training
(2003), season 2 cohort Division I-lll control, 3.1% program: balance exercises and
planting or landing skill.
Olsen et al® Randomized Norway; 16- to 251 Male, 1586 Intervention, 3%; The multi-intervention training pro-
(2005) controlled trial 17-y divisions female (15-17) control, 2.1% gram included running exercises,

15 Male, 94 female

276 Female (>19)

87 Female (>17)

Osteras et al*® Prospective Norway; 15- to
(2014) cohort 16-y divisions (15-20)
Petersen et al®' Prospective Germany;
(2005) cohort semiprofessional
and amateur
Sommervold and Randomized Norway; 16-y
Osteras® (2017) controlled trial divisions

163 Female (14-16)

Intervention, 28%;
control, 27%

Intervention, 9.7%;
control, 12.6%

Intervention,
13.2%; control,
22.6%

Not reported

cutting- and landing-technique
training, balance training, and
strength and power training.

The prevention program consisted of
push-ups plus standing glenohu-
meral internal and external rotation
with elastic-band resistance.

Information about injury mecha-
nisms, balance-board exercises,
and jumping and landing training.

The prevention program consisted of
2 exercises to strengthen the
shoulder complex.

Wobble-board exercise and 1 func-

Wedderkopp et al®®*  Prospective Norway; recrea-
(2003) cohort tional to elite

Wedderkopp et al®®  Prospective Norway; recrea-
(1999) cohort tional to elite

237 Female (16-18)

tional exercise for all major muscle
groups including both upper and
lower extremities.

Wobble-board exercise and 1 func-
tional exercise for all major muscle
groups including both upper and
lower extremities.

Not reported

Abbreviation: PEDro, Physiotherapy Evidence Database.

2As usual indicates athletes were engaging in regular team activities or routines.

These articles were categorized into shoulder injury (n = 5),
lower extremity injury (n = 5), knee injury (n = 5), ankle injury
(n = 5), and ACL injury (n = 4).2>* All analyzed articles are
summarized in Table 2.

Study Characteristics

The 9 included studies comprised 7139 participants with
a median sample size of 275 (range, 87—1837) per study. We
allocated 3543 players to an intervention group and 3596 play-
ers to a control group that was engaged in regular team activities
or routines (Table 2). The study by Myklebust et al was con-
ducted across 2 separate seasons and, therefore, is considered 2
distinct studies.** Three studies were randomized controlled tri-
als, and 6 studies were prospective cohort studies.”*>* Two
studies were conducted in Germany, and 7 were conducted in
Norway.?*** All studies were published between 1999 and

2018.2%* The mean age of players in the reviewed studies
ranged from 14.9 to 23.5 years.”’*? Except for the study by
Petersen et al that included only adult players, all reviewed
studies included handball players aged <22 years.*' Five stud-
ies only included female athletes, and 4 studies comprised
cohorts with both male and female athletes.>*>* All included
studies had a follow-up period of 1 season with a median inter-
vention duration of 8 months (range, 6-9 months) and median
of 66 training sessions (range, 45-126 sessions).”®**** The
dropout rate ranged from 1.2% to 31% but was not reported
in 2 studies.””°

Quality Assessment

Interrater agreement for quality analysis between the 2
reviewers (A.N. and M.K.) assessing the 9 included studies
was 95.4%. The PEDro scores ranged from 3 to 9 points,
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Table 2. Extended From Previous Page

Frequency, No. of Total No. of Total No. of Total Training PEDro
Control® Duration Times/Week Player Seasons Training Sessions Time, h Score
As usual Pre- and in-season Preseason, 2-3; Intervention, 168; 56 13.9 4
for 9 mo in-season, 1 control, 111
As usual In-season for 6 mo In-season, 3 Intervention, 331; 75 125 9
control, 329
As usual Pre- and in-season Preseason, 3; in- Intervention, 832; 55 13.8 4
for 6-7 mo season, 1 control, 913
As usual Pre- and in-season Preseason, 3; in- Intervention, 833; 55 13.8 4
for 6-7 mo season, 1 control, 913
As usual In-season for 8 mo Every training and Intervention, 958; 45 13.5 9
competition control, 879
As usual In-season for 8 mo In-season, 3 Intervention, 53; 96 16 3
control, 56
As usual Pre- and in-season Preseason, 3; in- Intervention, 134; 55 9.8 3
for 8 mo season, 1 control, 142
As usual In-season for 7 mo In-season, 3 Intervention, 46; 79 18.2 4
control, 41
As usual In-season for 9 mo In-season, 2-5 Intervention, 77; 126 21 4
control, 86
As usual In-season for 9 mo In-season, 2-5 Intervention, 111; 126 21 4

control, 126

with a mean score of 5 points (Table 3). Two studies were
considered to be of high methodological quality, 5 studies
were rated as having moderate quality, and 2 were of low
quality.®*>* Some limitations in the low- and moderate-quality
studies were the lack of reporting participant eligibility criteria,
randomization, and adequate allocation concealment.®**>*
Some studies did not blind participants, therapists, or
assessors or describe the blinding status for participants
and therapists.?®*°>* In addition, the high dropout rate
and absence of conducting an intention-to-treat analysis were
the most common limitations in the reviewed studies.®*72%3*

The NOS scores for the cohort studies ranged from 6 to
8 points, with a mean score of 7 points, indicating moderate
to high methodological quality. Some limitations observed
in the studies included deficiencies in the ascertainment of
exposure, the adequacy of follow-up of cohorts, and the
assessment of outcomes. 22723134

Shoulder Injuries

Five studies reported the effects of an exercise-based
injury-prevention program on shoulder injuries.**>° Among
those studies, 3 reported that exercise-based injury-prevention
programs are associated with a lower risk of shoulder injuries,
and 2 did not conduct statistical analysis.”**° The meta-analysis
showed that using an exercise-based injury-prevention
program is associated with a lower risk of shoulder injury in
handball players (OR = 0.60; 95% CI = 0.42, 0.85; P =
.004; Figure 2). Heterogeneity was zero and not different (P =
48) in these analyses.

Lower Extremity Injuries

Five studies reported the effects of an exercise-based injury-
prevention program on lower extremity injuries.?6-28-31733
Among those studies, 2 reported that exercise-based injury-
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z prevention programs are associated with a lower risk of lower
B2|lccococococoooo extremity injuries, 2 did not report an association between
SS|355550033 S exercise-based injury-prevention programs and a risk of
g0 lower extremity injury, and 1 did not conduct statistical
© analysis.?®?®31733 The meta-analysis showed that using an
"B exercise-based injury-prevention program is associated with a
= 3 § 29 § 29 § 2 § 2 lower risk of lower extremity injury in handball players (OR =
oo 0.59; 95% CI = 0.37, 0.95; P = .03; Figure 3). Heterogeneity
= was high (I> = 65.6%) and different (P =.03). A classic
° fail-safe N test indicated that 17 additional studies would
%‘ s need to be included to nullify the statistical significance
B2l wwovoo o oo of the meta-analysis.
ft820000020200
ggl>>>>>2>2>> o
% 8 Knee Injuries
- Five studies reported the effects of an exercise-based injury-
= prevention program on knee injuries.*****'* Among those
= ” studies, 2 reported that exercise-based injury-prevention pro-
eg 6000800000 grams are associated with a lower risk of knee injuries, and 3
§8|lzzzz>zz=2z=zz2 did not report an association between exercise-based injury-
£ prevention programs and a risk of knee injury.®?%3'=* The
£ meta-analysis showed that an exercise-based injury-prevention
5 program is associated with a lower risk of knee injury in hand-
228888888800 ball players (OR = 0.53; 95% CI = 0.35, 0.78; P =.002;
g x> == =) Figure 4). Heterogeneity was zero and not different in these
. S analyses (P =.89).
§ § [%] [%] n n %— . -
HEEEEIEEEERIE ACL Injuries
< S Five studies reported the effects of an exercise-based injury-
. 2 prevention program on ACL injuries.’****'** Among those
'g§ 6800800000 g studies, 2 reported that ;xercise—basqd injury—preye;nti_on pro-
k3 % Z2>zz>2zzzz2| g grams are associated with a lower risk of ACL injuries, and
F S 2 did not report an association between exercise-based
3 injury-prevention programs and a risk of ACL injury.®*%3'34
8@ 6200800000 3 The meta-analysis showed that an exercise-based injury-
SE(z>zz>zzzz=z| 2 prevention program is associated with a lower risk of ACL
@@ 3 injury in handball players (OR = 0.66; 95% CI = 0.45,
o > £ 0.96; P =.03; Figure 5). Heterogeneity was zero and not dif-
%E 200808 888 Q ferent in these analyses (P =.44).
| EE|>>>>>>2>>>|%
2 o o 8 Ankle Injuries
Q
& o c A Five studies reported the effects of an exercise-based injury-
21sS| . 4 prevention program on ankle injuries.?***3"3 Among those
2|8 § 2822222222 § studies, 2 reported that exercise-based injury-prevention pro-
wis= S grams are associated with a lower risk of ankle injuries, and
2 15 3 did not report an association between exercise-based injury-
§|cs = prevention programs and a risk of ankle injury.?*?*3'=* The
ls= 0800800800l meta-analysis showed that an exercise-based injury-prevention
§ § 3|Z> >zz>zz § program is associated with a lower risk of ankle injury in hand-
2|1 < o ball players (OR = 0.57; 95% CI = 0.40, 0.81; P =.002;
2 -a < % Figure 6). Heterogeneity was zero and not different in these
[ 5§ S = analyses (P = .42).
< 2 @ S a
b [ORN O] Q
g sl %agld DISCUSSION
g £-88 _g2s2|8 . . .
s SE8R8s-588s 2|3 Handball is a team throwing sport characterized by frequent
§ £5 353 3 8€oss > and rapid overhead throwing at high velocity and high tempo,
g ~|® g g g g‘/&:_“ G g with rapid changes of movement, jumps with hard land.ings,
s § S5 % c® ‘oc“a 2 § §- < and fr_equ_ent contact and c0_111§1on§ between opponents dlstn_l-
o z 283239988 g 55| o guishing it from other multidirectional sports. Therefore, this
2 '§ 23 _%; 2 § 8o E § % 2 sport has a high injury rate. However, at the time of our study,
el B5l122530883=z=|0 no meta-analysis that specifically evaluated the effects of
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4 P

Study and Subgroup Odds Ratio (95% Cl)  Value  Value Odds Ratio (95% Cl)

Achenbach et al,?® (2018) 1.329 (0.239, 7.383) 0.325 .75

Olsen et al,?® (2005) 0.331(0.105, 1.043) -1.888 .06

Andersson et al,?” (2017) 0.678 (0.446, 1.030) -1.823 .07

Osteras et al,?® (2014) 0.299 (0.090, 0.996) -1.966 .049 —

Sommervold and @steras,® (2017) 0.574 (0.205, 1.606) -1.057 .29 —

Total 0.60 (0.42, 0.85) ¢

Heterogeneity: 12 = 0.00, y2 = 3.5, P = .48, 12=0.0% 0.01 0.10 1.00  10.00 100.00

Test for overall effect: Z=-2.92, P =.004 Favors Favors
Prevention Control

Group Group

Figure 2.

exercise-based injury-prevention programs in team handball
was available. Our meta-analysis indicated that exercise-
based injury-prevention programs effectively reduce the risk
of shoulder, lower extremity, knee, ACL, and ankle injuries
in handball players.

In our systematic review, 3 studies examined the effec-
tiveness of shoulder-specific injury-prevention programs for
reducing the risk of shoulder injuries, and 2 studies reported
the shoulder injury risk after total-body injury-prevention
programs in team handball players.**>° We found that team
handball-specific injury-prevention programs may reduce the
risk of shoulder injuries from 15% to 58%. Interestingly, even
whole-body injury-prevention programs reduced shoulder
injury risk, which is in line with kinetic chain theory that pre-
dicts that impairments or alterations in lower extremity move-
ment patterns or core stability can contribute to abnormal
force dissipation and shoulder injuries in team handball
athletes.>>>’ Further support for this comes from a system-
atic review that included 15 full-text articles, in which
improved lumbopelvic control was related to improved ath-
letic performance and decreased shoulder injury, and alter-
ations in lower extremity postural stability and core stability
were also proposed to affect upper extremity function and
contribute to upper extremity injury.***° Therefore, in our
study, the 2 studies on whole-body injury prevention using
exercises that restore and enhance lower extremity postural sta-
bility and core stability can contribute to the observed shoulder-
injury prevention. This lower risk of shoulder injury may be
related to improved proprioception, coordination, and overall
balance, making it possible for players to prevent collisions and
unprovoked falls that ultimately can reduce the number of trau-
matic injuries of not only the lower extremities but also the
upper extremities.** A closer look at the shoulder-specific
injury-prevention interventions in the reviewed studies high-
lights that the programs should be handball-specific: (1)
increasing the glenohumeral internal-rotation range of

Forest plot of the effect of exercise-based injury-prevention programs on shoulder injuries in handball players.

motion, (2) increasing both glenohumeral external-rotator
and scapular-muscle strength, and (3) improving thoracic
mobility and the kinetic chain.?”-2%-*

Our meta-analysis indicated that exercise-based injury-
prevention programs effectively reduce the risk of injury to the
lower extremity from 2% to 63%, the knee from 22% to 65%,
the ACL from 3% to 55%, and the ankle from 19% to 60% in
handball players. Six studies evaluated the effectiveness of
exercise-based injury-prevention programs on injury risk of
the lower extremity, knee, ACL, and ankle in team handball
players.?¢2831734 Although the prevention programs between
studies in this review differed in their exercise intensity and
duration, almost all focused on the education of proper tech-
nique (eg, planting and cutting maneuvers and landing
movements), balance training (eg, balancing on 1 limb with
eyes closed, balancing on an ankle disk, and balancing on 1
limb while completing a task such as catching or throwing a
ball), jumping and landing (plyometric) exercises, and
strength training.>*~%3'3 Given that these programs were
multifaceted and addressed many aspects of injury risk
(agility, power, strength, balance, joint-position sense,
muscle-recruitment patterns, lower extremity alignment,
and playing technique), determining precisely which com-
ponents of these programs were particularly effective in
reducing injury risk is difficult. However, all injury-
prevention programs were designed based on handball-
specific skills, areas of the body that are most susceptible
to injury, and risk factors and mechanisms of these injuries.
Nevertheless, further studies may be done to shed light on
the effects of each component of the injury-prevention pro-
grams on injury risk.

Considering that almost all the reviewed studies focused
on the proper technique of planting and cutting and jump-
landing maneuvers, the reported reduction of ACL injury
risk is not unexpected. Approximately 80% of ACL injuries
are noncontact injuries and occur in a cutting maneuver or

z P
Study and Subgroup Odds Ratio (95% CI) Value Value Odds Ratio (95% Cl)
Achenbach et al,?® (2018) 0.809 (0.436, 1.502) -0.671 .50
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Petersen et al 3! (2005) 1.073 (0.576, 1.999) 0.221 83
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Figure 3. Forest plot of the effect of exercise-based injury-prevention programs on lower extremity injuries in handball players.
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Figure 4. Forest plot of the effect of exercise-based injury-prevention programs on knee injuries in handball players.

1-legged landing after a jump shot.*' Indeed, education on
the proper technique used in the included studies aimed at a
narrower stance as well as a knee-over-toe position during
planting and cutting maneuvers and landing after a jump
movement has been successfully applied to decrease knee
varus-valgus moments.** Regarding ankle injuries, it also
appears that understanding how the foot position at landing
in the transverse plane can contribute to reducing the
ankle-inversion moment is important to preventing lateral
ankle sprains.*® Other researchers have confirmed that 1
of the main components of any injury-prevention program
for the knee and lower extremities is educating athletes on
proper technique.**** Given that planting and cutting and
jump-landing maneuvers are common movements in team
handball, the use of technical education in the injury-prevention
programs of this sport can be of great importance.

The other 3 components that were used in most of the
reviewed studies were balance, plyometric, and strength
exercises. In a systematic review and meta-analysis, Brunner
et al concluded that strength and balance exercises were
included in all effective injury-prevention programs for lower
extremity, knee, ACL, and ankle injuries.** Balance exercises
in the reviewed studies consisted of single- or double-legged
stance activities that were designed to improve proprioceptive
awareness. Balance exercises have been used to good effect
to prevent lower extremity, knee, ACL, and ankle injuries.***’
The risk of injury, such as ankle sprains, has been attributed
to poor control of balance and ankle-joint position sense, and
balance exercises have been shown to reduce the incidence
rate of ankle sprains in the athletic population, irrespective of
a history of ankle sprains.*”* In another study, using balance
board exercises was associated with a reduction in ACL inju-
ries in male soccer players.”® Balance exercises can enhance
the sensorimotor system’s ability to adapt to a changing envi-
ronment and subsequently protect the body from injury. They
can also promote the neuromuscular mechanisms responsible

for agonist and antagonist cocontraction, which enhance
active joint stability.”" This increased joint stiffness results in
less joint laxity and thus less strain on joint structures. Altered
kinematics and kinetics of lower extremity joints after the use
of balance exercises may be another reason for the reduced
risk of sport injuries after these exercises.”

Authors of previous studies in which plyometric and spe-
cific jumping and landing exercises were incorporated into
exercise-based injury-prevention programs demonstrated a
reduction in ground reaction force on landing and knee valgus
and improved balance between knee-flexor and extensor
muscles.”*>* Given that high ground reaction force, knee
valgus, and quadriceps dominance have been identified as risk
factors for noncontact ACL injury in athletes, implementing a
set of plyometric and specific jumping and landing exercises
into exercise-based injury-prevention programs in the included
studies may have contributed to the diminished rates of ACL
injury.”®>” Plyometrics can also help improve athletes’ lower
extremity power, biomechanical technique, joint stability, and
neuromuscular control and have the potential to reduce the risk
of ankle injuries.’® Researchers have shown that plyometric
exercises contribute to a risk reduction of lower extremity inju-
ries that are associated with knee-valgus angles and moments.*
By facilitating neural adaptations, plyometric exercises can
enhance lower extremity muscle activation and proprioception,
increasing functional stability and reducing the injury incidence
of lower extremity joints.®"** Finally, evidence shows that plyo-
metrics induce not only optimal neuromuscular but also bone
and musculotendinous adaptation, which can potentially reduce
the risk of lower limb sports injuries.®*** Therefore, another
advantage is that the muscles, joints, and other structures are
prepared to tolerate the quick impacts and rebounds needed
in the sport. However, in this regard, movement control
(knee-over-toe positioning) during plyometric exercises
is very important to avoid endangering movement pat-
terns. Therefore, authors of most of the included studies
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)
)
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Figure 5. Forest plot of the effect of exercise-based injury-prevention programs on anterior cruciate ligament injuries in handball players.
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Figure 6. Forest plot of the effect of exercise-based injury-prevention programs on ankle injuries in handball players.

used plyometric exercises with oral feedback to alter the
knee-abduction landing pattern.

Another component of the exercise-based injury-prevention
programs in our review was strength exercises most com-
monly used for the hamstrings and core muscles. In their sys-
tematic review and meta-analysis, Lauersen et al reported that
using strength exercises with balance training enhanced
the benefits of an injury-prevention program, and Huxel
Bliven and Anderson reported that including only core-muscle
exercises in injury-prevention programs resulted in a reduction
in knee and ACL injuries.®>® The suggested role of strength
exercises was to allow the joint to better withstand injurious
loads and control lower extremity alignment during specific
sport activities. Considering the high loads associated with
ankle injuries, it seems that strengthening the ankle stabiliz-
ers does not help to prevent injury of this area and the lower
extremity.®” Hence, most of the reviewed injury-prevention
programs emphasized strengthening proximal joints (eg, hip
and knee joints) instead of the ankle joint, which may be
effective in preventing lower limb injuries. Given that the
hamstrings muscles, an antagonist of the quadriceps muscles,
act as an agonist to the ACL during stop-and-jump tasks,
stronger hamstrings muscles may counterbalance the ante-
rior shear force produced by the quadriceps and thereby
prevent ACL injuries.®® The Russian/Nordic hamstrings
curl is the most commonly incorporated strength exercise
in injury-prevention programs that effectively reduces ham-
strings strain and ACL injury.®” However, a common defect
in most prevention programs was the failure to adhere to the
principle of progressive overload, which is a fundamental
guideline for strength training.**® This oversight can dimin-
ish the effectiveness of these strength exercises in reducing
the injury risk.”

This systematic review and meta-analysis was limited by
the relatively small number of studies and low quality of
most of the included studies. Among the 9 reviewed clini-
cal trials, 3 had a randomized controlled trial design, and 6
used a prospective cohort study design.?** Randomization
is an effective method to reduce potential bias; therefore, a
lack of randomization may cause a component of bias that
could potentially lead to an overestimation of the intervention
effect. However, given that all studies included a control group
engaging in regular team activities or routines, the bias intro-
duced by nonrandomization is probably minimal. Another
common weakness in the included studies was attrition
bias due to high dropout rates and a lack of intention-to-
treat analysis.”®*’2°>* In addition, the heterogeneity anal-
ysis for lower extremity injuries demonstrated differences
among studies. This can be explained by a limited number

of reviewed studies, with a small number of studies making
an accurate estimation of heterogeneity difficult.”

Another limitation was the possibility of publication bias,
as studies published in languages other than English were
excluded. However, excluding non-English-language articles
usually does not affect the results of systematic reviews.”

Compliance should also be considered when evaluating
the effectiveness of an exercise-based prevention program,
as this can affect the effectiveness of the intervention. Myklebust
et al showed that, despite the close follow-up of the teams by
physical therapists, acceptable compliance was achieved in
less than half of the players.** Low compliance was reported
in other prevention intervention studies.***>

Although authors of all included studies assessed injury
occurrence as a clinical outcome, the results of our review
should be interpreted in light of the variety of methods
used to collect injury data. Although the definition of sports
injury and the classification of injury severity were almost
the same in all studies, data-collection methods varied, with
authors of some studies using self-report, physiotherapist
report, and coach report, which may have affected injury
recording.** 23132417 For example, Crossman et al showed
that, compared with medical professionals, athletes underesti-
mated the disruption and short-term effects of injury, whereas
coaches overestimated them.” Because the bias caused by
data collection may lead to a biased interpretation of the pre-
ventive effect of interventions, future studies should be done
to collect accurate data with the help of medical professionals
and diagnostic methods to enable the assessment of potential
bias in estimating preventive effects.

According to PEDro scores, the overall quality of the
included studies was moderate; therefore, higher-quality
studies may help to improve the strength of the recommen-
dations. In addition, only 9 handball studies were included
in this review, which is consistent with studies that have
highlighted the lack of qualitative evidence on basketball
injury prevention.”>7

One problem, which is inherent in this kind of study, is
that we included outcomes of knee, ACL, and ankle injuries,
as well as injuries to other areas of the lower extremity
(eg, hip, groin, hamstrings, and leg), classifying these as
lower extremity injuries. However, authors of numerous
other review studies have used this reporting pattern, and
we expect that the lumping of injuries had a minor effect on
the study outcome.”>”¢

For our systematic review, we selected only multicompo-
nent exercise interventions and excluded interventions includ-
ing 1 exercise component, as we observed in a pilot study that
no studies have been done to assess the effectiveness of a

Journal of Athletic Training 853

$S900E 93l) BIA §1-90-GZ0Z e /woo Alooeignd-poid-swiid-yiewlayem-jpd-awiid//:sdiy woly papeojumoq



specific exercise in preventing injuries in handball players.
Future studies can be done to evaluate the effects of such
interventions in preventing sport injuries in handball players.
Considering that, in our meta-analysis, the Cls for the out-
comes of lower extremity and ACL injuries were wide, our
results should be interpreted with caution. The width of a
CI in a meta-analysis depends on the precision of individual
study estimates and the number of studies included.”” As the
number of studies included in a meta-analysis increases, the
width of the CI usually decreases. Another limitation was the
lack of validation for the PEDro scale in observational stud-
ies.'”?® Despite efforts to assess methodological quality
using the NOS, the identified limitations may compromise
the strength of the conclusions.

CONCLUSIONS

The primary finding of this systematic review and meta-
analysis was that current exercise-based injury-prevention
programs may be effective in preventing shoulder, lower
extremity, knee, ACL, and ankle injuries in team handball
players. However, given the relatively small number and quality
of studies on this topic, higher-quality studies may help to
improve the strength of the recommendations.
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